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a plurality of layers beginning w,th a coated perforated base ™* . flow through the filtration layer and 

Jyer overlays the base pipe with the fi ^^XS L ™* - 0Uter *"* *" 



Title: 



MULTI LAYER SCREEN AND DOWNHOLE 
COMPLETION METHOD 



Field of the Invention 

10001] The field of this invention relates to downhole screens, which can be 
expanded into contact with the formation. 
Background of the Invention 

[00021 Downhole screens are used in a variety of different applications. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
gravel. Various fabrication techniques have been developed for manufacturing such 
screens and atypical example is illustrated in US Patent 5,611,399. 
[0003] More recently it has been determined that it is desirable to reduce the size of 
fixe annular space between the screen and the formation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along the screen, which, in 
torn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent 6,012,522. In this patent, overlapping segments of screen are 



PCTAJS01/27581 

WO 02723009 

pla cM on a base pipe, which is «-* fiom wiutin ^ pfcoed in 

po^on in U,e well bore or a U-d. The shor.co.ing of .his technique is .bat 
pM ti„ns of to filtering tutorial mo,, be reoved relative «o eaeb other .Mob subjee* 
to, to .earing wbieb in torn osn result in a fcfiure of ate expanded screen assemb,y 
tocoohn.toproducuonofsand. Anotor sho^ of such desi** is to bunted 

capacity to withstand collapse. 

,.0.4, Other p*..* relating to pipe expansion, are: U.S. W W» - 
5,366,012. 

,000s] The main objective of to present invention is to allow easy insolation of to 
m to to desueddooation Mowed by expansion to reducn to votame of to 
^ar space amend to screen. Vet anotor object of to invention is to expand to 
against to formation to entire* eliminate to annnlar space aronnd it Yet 
anotor objective of topresent invention is to allow to nse of to sbnctore of to 
M downhole even, witout expansion. Anotor objective of to present invention 
is to decease to amonn. of stress on to filtintion member when expanded. Yet 
«4hr objective of *he present invention is to provide a signified sbonger 
8Mctra e for to finished product which eva, after expansion present a greto 
^ce to collapse. Anotor object of to dnvention is to provide, as mud. as 
p^ble, unUbnnhy in to opening size of to fibration lay* after toasssnbly ia 
^sndod. Anotor objective is to provide sufficient sbengti. in to assanbly, after 
^nsioatoaUowittobe^restadifl^^ 

rednce to effort refused for expansion and to stage to overall expansion in disaote 
steps. These and otor advantages of to present invention will be appreciated by 
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those skilled in the art from a review of the description of me preferred embodiment, 

which appears below. » 

SIT tyfMA-RY THF. INVENTION 

[0006] A downhole completion method and an expandable filtration apparatus axe 
disclosed. The filter assembly comprises a plurality of layers beginning with a coated 
perforated base pipe, The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow through the filtration layer and protects it from burrs in the base 
pipe. A filtration enhmcement layer fits over the filtration layer and an outer shroud 
protects the assembly during run in. The assembly can be used as made or expanded 
downhole in one or a series of expansions. i 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Fig. 1 is cutaway view, partly in section; showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2J2 of Fig. 1. 

[0009] Fig. 3 is a section view of a first step in a mutt step expansion; of the filter 
assembly. j 

[0010] Fig. 4 is a section view of a second step, in a nmlti step expansion of the filter 
assembly • 

[0011] Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of me filter, of: foe present 
invention. 

1VETATTJ5D INSCRIPTION ™ TTfF PREFERRED EMBODIMENT 
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mm Refers to Fig. 1, ft. *- offlre preferred embodim,*. are shown. 
The innenuos. layer it a perforated base pipe 10, which has a pluraUty.of opeoings 
12. Base pipe 10 provides a firm foundation f* the layers ahove. The pattern of the 
ioies 12 is optimized to strike toe best balance between collapse resistance after 

^ou and minimization of Ore fore* required to expand oris layer and those 

positioning as wmbedescribedb^ 

m the range of up to about 30%. The base pipe 10 can have threads 14 and 16 at 
opposite ends to allow seottons of the filter assemblyAto be secured together, giving 
greater torsion and tension sueagto for fire filtor esaemUy A. A coating 10 made 
preferablyftom aplastic material can be apptiedtoure inside of the base pipe 10. The 
Whltford Corp. mannfoctores toe coating under toe name Xylan 1052.Ultima.ely, 
when an expander 10 .see Fig. 3) is moved through base pip* 10, toe coating 10 will 
reduce toe required expansion feme. The greater collar reaistonce of me base pipe 
10 promo.ee borehole stebutty after expansion. The optimization of theopemngs 12 
promotes toe highest expansion rato for a given material for base pipe 10 while still 
leaving sufficient inflow area through toe pipe openings or perforations 12. Using 
round, rounded, or oval opening instead of slots provides for a mechanically sftonger 
ffltor assembly A. In the preferred embodiment, toe coating lg is Xylan and it can 
provide a reduction to required force for a given expansion by as mud. as 50%. The 
coating 10 also helps reaistonce to galling by toe expander 20 or a subsequent 
expander such as 22 (see Fig. 4). 

l0 013] Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe ID. and filtration layer 26. The drainage layer 24 promotes flow 
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„ ». .°yer 26 - ft. openings 12 of fte base pipe * * *° 

of me *. A bntided weave desfcr is currendy «— • ■»«* — ^ 
patterns canbeusei Tne preferred material is available from*-, Hoseas_6" 304 
SS Braid 600 304B. The drains layer 24 protects the fitation fcyer 26 feom burrs 
or pucers around fte edges of opening 22. !n fte eve., of hi* differed ptessures 
to ,o pmduction, ^ preseaee of the drains layer 24 provides stiudum. support 
for fte fixation layer 26. The braided wire drainage layer 24 oould be substitute* 

i- * cHmud 34 that would have standoff from . 
' with a shroud of some type, akin to outer shroud 34, max w 

the hase pipe 10. 

Mounted over the drainage layer 24 is .he filiation layer 26. The Station 

weave Tbis material gives very reiiable rmiformtty to me opting ri* after 
expansion, m mis manner Orere eac be confidence in fine partide size, whicb will no. 
pass fiitration !ayer 2* whfle giving greater protection gainst plugging or me passage 
of too many particles. As shown in Fig. 1. ft. filttation layer 26 is oriented a. an 
a^eto the tongtadinal axis of me filter assembiy A. This angle c*nbe.i» me mnge 
of abou. 1 0 to about 80 degrees wtth about 20 degrees being preferred. Orienting to 
filtering .ayer 26 a. an angle auows ntinimization of change in opening size and 
^ifcnmty, resuiting.ftom expansion. The Duton Twill weave provides greater 
taabffity and partide hoMing cspadty. Negative effects on ho!e size and uniformity 

pattern. A reverse weave is one where the abater of me weft (ahuto) wires 2, is 
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tager thm the warp wims 30 by as much as about 50 percent The combination of the 
mgoto placement of ,me fitation layer M by a spiral winding technique coupled 
with a revere weave yields a more predictable and uniform opening aize after 
expansion. 

[00151 Mounted overithe filtration layer 26 is the filtration enhancement layer 32. 
This layer promotes greater flow conductivity from the outermost layer, the outer 
shroud 34. Layer 32 acts as a coarse filter to layer 26 and prolongs the fife of filtration 
layer 26. This can be seen in the graph of Fig.,5, where the addition of the filtration 
enhancement layer is curve 36. The same filter assembly A of fire present invention 
but without the filtration enhancement layer 32 is illustrated by curve 38. Curve 40 
represents the performance of a known product made by Baker Hughes called 
Excluder. Fig. 5 readily demonstrates mat the addition of the filtration enhancement 
layer 32 nearly triples the time it takes to build up a backpressure of 40 PSIG for the 
same flow conditions: Leaving out the filtration enhancement layer 32 also makes 
that version of the present invention perform somewhat comparably to the known 
Excluder design. Several different weave types are suitable for layer 32 such as: 
square weave, Compound Balanced, Tight Tuck, and Braided Weave.. A suitable 
Compound Balanced .material is available from Porous Metal Products, model # 
CB 3 96 192_21/24.. A metallic material is preferred. 

[0016] The outer shroud 34 is preferably formed from spirally winding* perforated 
sheet into a tube. The hole size and pattern is optimized to facilitate expansion and yet 
provide sufficient collapse resistance in the expanded state. It is desired to have the 
inflow area of the openings maximized but to limit the opening size and use a 
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during run in. 

,0017, The layers can be joined togefoes * to ^ 

of flie filter assembly A. Swaging also makes the various layers act as one with regard 
* expansion and provides greater suongfo against eollapse after expansion. I. ts 
profened » anneal to components individually before swaging or to anneal the 
Htra uon assembly A. after all me components have been assembled, Doing this 
^ . gmater de^ee of expansion wifoout foilure. This benefit is parficulMy 
appUcable m foe base pipe ,0. The type of annealing envisioned is soiufion annealing 
to 1800 degrees F. Annealing of the base pipe 10 is done before applying foe coahng 
U due to foe inability of foe eoaring 18 to wifostand foe annexing temp^rfures. 
Sintering can be used instead of swaging to join foe layers together. The layeaa are 
prferibly assembled in foe following man^n, foe braided wire of suitable drainage 
^ 24 is placed on foe base pipe 10 which has previously been drilled with holes, 
ooatedandforeaded. Then, foe fiftrafionlayer 26 is wrapped at an angle ov«foe«op 
of foe drainage layer 24. Anofoer layer, called foe filharion enhancement layer 32 is 
pieced over foe top of foe filtration Uyer 26. Thr* an outer shroud 34 is placed over 
fce fixation enhancement layer 32 and foe total package is nm tough a set of dies 
foatswagesorforeeaaUeem^onontatovigomnslyeontarx^ . 
(00181 The filter assembly A haafteadvantage:ofsuperiorperf M manee,whetheri.is 
e^andeddownhole of not Iffti.no. expanded, itcanbe grave, p**edmfoexnown 
amam . Fig , 3 and 4 iftusttate a unique step.wiae expansion technique. In a first 



7 



WO 02/23009 



PCTAJS01/27581 



step, an expander 20 which may be a fixed cone or a cone with variable diameter is 
m oved downwardly through the filter assembly A to achieve about a 1 5% expansion. 
At the lower end of the filter assembly A a cone latch 42 engages a fixed or variable 
diameter expander or cone 22 to increase the overall expansion to as much as 50%. 
As previously stated=more expansion steps can be used and different degrees of 
stepwise expansion and overall expansion can be obtained with this technique. It 
should be noted that the second expansion does not necessarily have to proceed in a 
direction opposite the first expansion. 

[0019] There are many applications of the filter assembly of the present invention. In 
horizontal open hole completions there are usually more than 1,000 feet of contact 
with the productive formation, sometimes in excess of 9,000'. Because there is so 
nmch contact the amount of production per foot is very low. In most cases if the 
theoretical production per foot was traveling into a screen directly opposite of the 
formation then the velocity would be too low to transport sand from unconsolidated 
formations or cause erosion. There are many wells in which erosion is.taking place 
aad sand is being produced. Presently there are a couple of theories that explain this 
occurrence. First the formations may be so unconsolidated that they simply fell apart 
when the pressure in foe well bore used to control foe weU during Idrilling and 
completing foe well is removed. This is referred to as hole or formation: collapse. A 
second possibility is that fluid flows along foe path of least resistance. This may be 
on foe inside of a screen that is in place or along foe outside. As foe flow proceeds 
towards foe beginning of the open hole section, foe accumulative effects of 
production means foe velocity is much higher towards foe top section (beginning) of 
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fl» screen to transport:*^ and to erodethe forhration -a «*»>• 

[00201 By expanding screen to . open hole horizontal well the annotas.hetweeo the 

amnios means greater, tesiatanco to flow a*l therefore production flow k reduced on 
fteexteriorofutesexeeoaodmereasedootheinterior. Tie reductiou in exterior flow 
mean, lower velocities near the well bore and therefore leas aand transportability aud 
less erosion effects. 1 

l0 021] Expansion can also aid in formation stability by physically supporting foe 
formationtffoescreenise^^^ Tins support in 

torn could prevent foe collapsing of foe formation when foe pressure in foe well bore 
is reduced. 

. 100221 In cased hole apphcations filtration assembly A offers foe advantage of a large 
inside diameter for remedial work below its installation. Another advantage is that in 
frac packs and gravel packs all that is necessary to do is to place foe proppant or sand 
in the perforation tunnels and formation fractures. Annular packs between foe screen 
and foe casing, which are often difficult to achieve, are not necessary since expanding 
sc^ removes tmsarmulus. The filter apparatus A could also be used in conjunction 
with a frac pack or gravel pack and subsequently expanded to back fill any voids in 
the annulus I pack or perforations not filled. 
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We claim: 

1. Anexpandablemterassemblyfordownholeuse,compiising: 

a base, pipe having an inside surface, a longitudinal i axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 

2. The assembly of claim 1, wherein: 

said filtration layer and said base pipe are individually annealed prior 
to being joined together. 

3. The assembly of claim 1, wherein: 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 

degrees F. 

5. The assembly of claim 1, wherein: 

said inside surface of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

6. The assembly of claim 5 3 further comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

7. The assembly of claim 6, wherein: I 
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said staged expansion occurs in a single direction. 

8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 
9 The assembly of claim 6, wherein: 

dimension. 
10. The assembly of claim 6, wherein: 

saidfilteringlayer comprises a weave having weft ariwupwhes and 
wterem one of said weft end warp wires is disposed at an angle of 
M 10-80 degrees with respect to the longitudinal ard*of said base 

pipe. » 

11. The assembly of claim 10, wherein: i 

said weft win* have a larger diameter than said warp wires by as 

much as about 50%. 
12. The assembly of claim 10,wherein: > 

said at least one filtration layer former comprises a woven drainage 
,. y „ on said base jape and a main filtration layer, said drainage layer 
^.acting said main ffltranon layer from burrs in openings in said base 
pipa and providing mechanical support for said main filtration layea. 
13. Hie assembly of claim 12, further comprising: 

a filtration enhancement layer mounted over said main filtration layer 
m d fcrther comprising a weavc'said drains layer and said filtration 
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element layer are spirally wound to orient wires therein in 
substantial alignment with said wires in said main filtration layer. 

14. The assembly of claim 10, wherein: I 

said openings in said base pipe are round, rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layermounted over said hase pipe, 
• said inside surface of said base pipe is coated to reduce the force 
neededtfor subsequent expansion. 

16. The assembly of claim 15, wherein: I 

said coating is made of a plastic material and said openings are round, 

rounded or oval. 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis:of said base 
pipe, t 

19. The assembly of claim 18, wherein: ) 
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.Id layers each being annealed to ftciUWe subset expa^ion 
downhole; 

^ fitafion layer and said base layer are staged togemer and said 
sealing forth* comprises solution annealing at « to about 1800 



20. An extendable filter assembly fi»r downhole.nse, comprising: 

a base, pipe having an inside snrftee, a longitndinal «b, and a 

plurality of openings; 

at least one filtration layer mounted over saidbasepipe; and 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

21. The assembly of claim 20, wherein: i 

^dbas,pipeisexpandedtos to gesnptoabo«30%abovei B origmal 

dimension. 

22. The assembly of claim 20, wherein: I 

said layers each being annealed to facilitate subsequent expansion 

downhole; 

said filtration layer arid said base layer arc swaged together and said 
amm forth* comprises solution annealing at «p to about 1800 
degrees F. 

23. The assembly of claim 22, wherein: s 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis.of said hase 
pipe. ' 

24. An expandable filter assembly for downhole use, comprising: 

• a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 

said filtering layer comprises a weave having weft and warp wires and 

wherein one of said weft and warp wires is disposed at an angle of 

about 10-80 degrees with respect to the longitudinal axis of said base 

pipe. » 

25. The assembly of claim 24, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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